The response of the capacitive couplers and the CT The coupling system required for hydraulic generators to simulated PD and electrical noise was recorded on a to insure elimination of external noise requires a circuit Tektronix 7104, 1000-MHz oscilloscope and/or a 1. 5-GHz, HP8568A computer-controlled spectrum analyzer.
; and partial disphase bus (IPB) [5] . These two capacitors can be concharge testing.
nected as "directional" couplers, to eliminate electrical noise from the power system, while retaining sensitivity Partial discharge testing on rotating machines has to signals from the generator (PD and "internal" electribeen useful in detecting incipient mechanical problems cal noise). and other insulation deterioration mechanisms, including slot discharge, grading paint deterioration and For the tests described below on standstill discharges in internal voids [2, 4] . December 12, 1984. especially between bars in different phases. In each case a voltage or current pulse will propagate through the winding by a complicated path.
For the tests, PD pulses were simulated by applying a voltage pulse between the stator iron and a 25-mm x 80-mm adhesive-backed copper foil injection electrode, which was temporarily applied to the surface of a stator bar in a convenient location in the endwinding area. Great effort was required to keep the test leads short. A high-frequency ground plane was established as near as possible to the injection electrode by placing a 30 x 30-cm copper foil on the stator iron or stator frame. This approach obviated the need for an ohmic electrical connection to the stator iron by removing lamination varnish, etc. By placing a PD-injection electrode on several bars in a winding parallel, the propagation of pulses through the winding was studied.
Electrical noise pulses can enter the stator winding Figure 1 jected at different points in Red phase. The input voltage is a 100-V, 400-ns wide, 1-ns rise/fall pulse. The important response is the first peak of each waveform; electronic circuitry can ignore the subsequent ringingf41.
As the injection point moves electrically farther away from the terminal, the output response decreases.
For both the simulation of noise and PDI, two voltage sources were used. One source was an AVTECH electronic pulse generator (AV-9) which produced a 100- (Figure 4 ).
The attenuation of the signal as it propagates to the phase-end coupler is significantly greater for the four-pole winding in Machine A than for the other machines. Detection of PD from coils which are RESULTS more than a few coils down from the phase end will be difficult in generators with windings similar to Machine A.
Capacitive Coupler Detection
The relative attenuation characteristic shown in Figure 4 was not affected when the rotors were removed and the Response to Simulated Partial Discharge:
Photographs of the typical response to simulated
The loss of sensitivity to PD deep in the winding PD injected at three points in the Red phase of Machine B caused by pulse attenuation may not be too serious are shown in Figure 3 . The three oscilloscope traces in because: (1) Figure 5 shows the responses at the phase-end signals detected on the other phases may eventually capacitive couplers from voltage pulses injected into the achieve a significant magnitude some time after the first rotor field winding of Machine B at one of the slip rings. peak ( Figure 3) .
The first peak of the response to "slip ring noise" is about the same on all three phases. Another difference The shapes of the signals shown in Figure 3 are when comparisons to the simulated PD in Figure 3 are similar for all the windings tested. The risetime of the made, is that the response has a slightly longer risetime, responses to simulated PD were 15 ns or less, and the and a more complicated ringing pattern. Also, the ringing frequencies are about 25 MHz. The pulse shape output has enough low-frequency response to follow the Response of the capacitive couplers in Figure 6 : Response of capacitive couplers in Machine B Machine B to simulated noise (a 100-V, 400-ns wide to simulated groundrise noise. A 100-V, 400-ns wide pulse) injected into the rotor slip ring. The initial pulse was injected into the stator frame, exciter end, response from all three phases is similar. about 6 m from the stator frame ground reference point. 400-ns wide input pulse. When a narrower pulse, or the into the slip ring and the stator frame, except for the spark-gap source is employed, the ringing immediately longer output risetime. The RF CT clearly responds oscillates about zero (similar to Figure 6 ). For a 100-V preferentially to noise.
input pulse, the slip-ring signal results in an output at the coupler about 50% greater than for simulated PD injected at the phase end.
Injecting voltage pulses directly onto the rotor shaft produced the same response.
The capacitive coupler response to a signal injected to the stator frame (essentially a dead short to the voltage source) is shown in Figure 6 . Again, the first (a) peaks from all three phases have the same polarity and similar magnitudes. In most other respects also, the response resembles that from the rotor noise. The responses shown in Figures 5 and 6 from Machine B were typical of those found in the other generators.
RF Current Transformer Detection
For each of the PD and noise injection situations described above, the response of the RF CT was also measured. Figure 7 shows the response of the CT to simulated PD injected at three points on the Red phase of Figure 3 ). The output response is relatively independent of the location of the PD.
Since the RF CT detection method is often used in It was possible to make contact to the copper at the frequency domain model [3] 
